DOCOHENI BESUHE 

ED 093 927 TM 003 745 



AUTHOfi 
TITLE 



PUB DATE 
NOTE 



Calkins, Dick S. 

An Empirical In vestiyation of Soffle Effects of the 
Violation of the Assuspticn That the Covariable in 
Analysis of Covariance Is Measured Hithout Error. 
[Apr 74] 

66p.; Paper presented at the Annual Meeting of the 
American Educational Research Association (59th, 
Chicago, Illinois, April 1974) 



EDES PEICE 
DESCEIPTOES 



IDENIIFIEES 



MF-$0.75 HC-$3.15 PIUS POSTAGE 

♦Analysis of Covariance; Computer Programs; ♦Error 
Patterns; ♦Hypothesis Testing; Models; Sampling; 
Standard Error of Measurement; Statistical Bias; 
Tables (Data) 
♦Linear Models 



ABSTEACT 

The mathematical derivation of the statistics used 
for inference in some linear models assumes that the values of the 
independent variables are measured vithout error. This assumption is 
often disregarded vhen these models are utilised in research. This 
study is an investigation of the consequences of the violation of 
this assumption for one family of linear models on the magnitude of 
these statistics and the frequency of Type I error in these models. 
The results of this study indicate that although the frequency of 
Type I error in these models is relatively unaffected, the values of 
the statistics are seriously affected by the cpncomitant variable 
i3eing other than error-free. (Author) 
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ABSTRACT ^^''Y miU^U 

Ai; ETTIRICAL INVE3TIGATI0N OF COr-ffi EFFECTS OF THE VIOLATIOH OF 
THE ASSUMPTION THAT THE COVARIABEE IN ANALYSIS OF COVARIAI^CE 
3j IS MEASUREL WITHOUT ERROR 

u 

Dick S. Calkins 
The University of Texas at El Paso 
The rriathc^riatical derivation of the statistics used for inference in 
some linear models assumes that the values of the independent variables 

are measured without error. This assumption is often dinrecarded when 

('^ . . . .... 

these models are utilized in research. This study is an investi(^ation 

j^y^ of the consequences of the violation of this assumption for one family*- 

of linear models on the magnitude of these statistics and the frequency 

CT^ of Type I error in these models. The results of this study indicate that 

^ the frequency of Type I error in these models is relatively unaffected, 

and the values of the statistics are probably not seriously'' affected by 

the concomitant variable beinr other than error free. However, an '''nade- 

quacy in the procedure cause any conclusions to be of a tentative nature. 
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An r: Tin CAT. iNVir/noATion of co!t E^^FrcTr. of tiii: v.ioij\tioii of 

TilK ArSU?TTI0n THAT THE COVAPIARLE IN AHALYSIS OF COVARIAHCE 
IS MEAGUEED WITHOUT ERROR*'" 

Dick S, Calkins^ 

The University of Texas at El Paso 

R. A, Fisher, \rho conceived the statistical technique analysis of 

covariance (Fisher, 1932) > stated that "it [analysis of covariancq] 

coinbines the advantages ar*d reconciles the requirements of two widely 

applicable procedures known as regression and analysis of variance" 

(Fisher, 1973 » p« Although this combination of regression and 

analysis of variance is obvious in most presentations of analysis of 

covariance from an applications point of view, the contributions of 

regression to the set of assumptions for analysis of covariance are 

seldom mentioned, Tliis study involves two of the often neglected 

assur.ptions of analysis of covariance which stem from the role played 

by regression. 

In a linear model context analysis of covariance can be thought of 
ar; a data reduction procedure in which characteristics or porforr.ance of 
objects or individuals can be described in terms of statistics wliich occur 
as coefficients in an appropriate linear model and as an inferential pro- 
cedure for contrastiiig certain of the statistics whicli have been obtnincd 
by t:ie solution of the model for a particular set of data. In such a data 

"^This par.or r^"nrer>entL; a report of one aspect of a continuirr cnniricnj 
roseorch effort concerning certain aspects of the arvl^^'nis of covuriance 
proce<.luro, Tho auth.or would like to recognize and thank the follov/ing 
persons for their various contributions to this rer>earch: 'Virr-hall Adar.s, 
Jocqucline V/, Calkins, Lorraine f'atteson, Pugene Hchustcr, and the conpu- 
tntion center staff at The University of Texas at El Paso, 

a\)thor is an Assistant Professor in the Department of E^lucational 
Psychology and Guidance at Tiie University of Texas at El Paso, 
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rodnction procrduro, the statisticr. dcGcriljin/- the: charactorir>ticrj or 
performaiicos of objects or individuals claGsifiod in a particular manner 
by a nivon value or [uven values of the independent variable or variables 
can be seen to be based on the attributes of a Joint frcquoncy distribution 
of the dependent variable and concomitant variablevs). Hucli statistics arc- 
obtainable through the mathematical fit of an appropriate function to the 
space prnerated by the data occurrinp; for the dependent variable? and 
concomitant variable(s) for each Grouping; of objects or individuals defined 
by a particular value of the independent variable or by particular values 
of the independent variables. 

Corn-rariGon of objects or individuals classified in a particular manner 
by a value of the iridependent variable or values of the independent vari??bles 
can be visualized reonetrically as comparison of these Joint frequency distri- 
butions and more specifically as comparison of the attributes of the mathrn:a- 
tical functions obtained for each frequency distribution* Snch comparisons 
of these c^o^ps can be quantitatively accomplished in terms of assessinr tlie 
probability thnt di ff pronccs aronr the appropriate statistics whicli occur in 
the linear model as summaries of the frequency distribution- do not exist 
for tiie populations from which the f;i"o^i*ns were obtained. These probabilities 
can be obtained through evaluation of statistics whicli are calculable ar, 
functions of the mnount of error in one model in whicli differences in th.e 
appropriate statistics are fillov;ed to exist and another model whicli has been 
constrained to eliminate the differences to be exaininerl. 

"'iie simplecjt case of analysis of covariance is the n(o:;t usual aimJ • t f c»n 
of this tech.niquo. In this case there is a single concomitant vnrinblo and a 
sin.-'le independent variable, and a linear relationship is tri*' mor.L appropriate 
natliematica] function vn* th which to fit the data for opcli froup. Pince the 
latter condition implies that the relationship betv/een th(^ dependtMit variable 
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and the concomitant variable is linear, it can be readily Goen tiiat a truo 
model for this cnce iiiust contain an intercort and a slope for each value 
of the independent variable. Obviously, coiiiparii:>ons amonr the various 
f^rouPG, viiich are defined by the independent variable, rr.WF^t be accompli she^d 
in terniG of differences amonf, the c^oup slope'i and intercepts. 

The following procedure is intended to demonstrate how such comparisons 
can be accomplished when certain assumptions involvinr: the variables are met. 
To test for differences among the grou'o slopes, the F statistic from the expression 

(a^ " q^) / df^ 

""^"^^^^ ^ / df^ 

can be calculated and evaluatf.d v/here is the error sun of squares for Dio 
true model viiich contains a slope and intercept for each group; is t}]c 
error sum of rquares for a model which contains an intercept estimate for 
each group but the same slope estimate for all groups (this restricted model 
constrains each group to have the same slope, thus eliminating all group 
slope differences); df^ is a number with a magnitude one less tiian the number 
of {groups; and df^ is a number with a magnitude equal to t]\e summation of the 
number in each group reduced by two (V/ard and Jennings, 1973, pp. 13^3-1^^0). 
To test for differences aiaong the group intercepts when tlie group slopes are 
not different, the F^ statistic from, the expression 

• (q^ - q^) / df^ 
intercepts , 

can be calculated and evaluated where q^ is the error r>um of squares for the 
restrict :.d model presented above; is the error sum. of squares for a modo] 
wh\ch contains the some intercer^t estimate and the saiae slope estimate for 
each group (this further restricted model constrains each group to }iavo the 

O 

j^j^Q same intercept and the same slope, thus eliminating all group intercept and 



t^roup slope differences); df^ is a number (as above) vith a rna^ni tu(ie one loss 
than the nuj:;ber of errours; and df^ is a rairibc'r with a narnitude equal to the 
summation of tiie number in each croup reduced by a number one less thn.n the 
number of cJ^o^^t^s (V/ard and Jenninrs, 19T2> PP- 13R-1^B). 

Alt.* r.h Darticular interpretations of differences amonc group slopes and 
intercepts depend upon particular situations, some {];eneral interpretations are 
as follows: 

1. Tile occurrence of differences in the ^roup slopes implies that the 
rate of chanfie of the dependent variable with respect to the concomitant 
variable dif feres for the various groups. 

2. Tnc occurrence of differences in the croup intercepts when tlie /:roup 
slopes are not different implies that there are constant differences amonn 
tne croups in terms of the dependent variable for each value of the con- 
comitant variaule. 

Generally comparisons of c^^o^P intercepts are of little interest if the froup 
slopes are different, because in this situation differences amonc the croups 
are variaule, since the difference depends on particular values of the concomi- 
tant variable. 

In order to show the inherent distributional assumptions involvinr the 
variables for analysis of covariance when there is only a sircle concomitant 
variable, the relationship between the dependent and concomitant variables is 
linear, the (^roup slopes are not different, and there is only one independent 
variable, the followinc model for analysis of covariance as presented by 
Graybili (I9CI, pp. 383-30^) vill bp used. "Tiie model is 

y.=y + T. + 6x.+e., ^"^''^''''f 

where y,, is nn observed random variable; x., is an obr.ervoci fixed nunntity, 
1,1 1.1 

usually -ailed a concomitant variable ; u i^^ ^ constant; is the* itfi troatricnt 
^ constant; B is the repression coefficient (unknown); and e^ ^ are unobserved 
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nornnl variabJrs tliat ore independent and have noanc 0 and constant vari- 
an CCS a"".'* Examination of this mode.'! and itn aGfJiuned distrihut ional proncr- 
ticr. reveals thnt (l) the deDendent variable ^ is ansumcd to he a randoi^ 
variable ricasiirod without error; (2) tiic concomitant variable 21 Qsnunrd 
to be a fixed variable measured v/ithout error; and (3) 6 ic a constant f^r 
all treatr:;ont rrou^s. Tiie mdel is esGontinlly tl:e one discui^sed previously 
in wnich all grours v;ere constrained to have the sane f;roun slope. 

In addition, Oraybill (l^^l, pp. 3^^^-39^^) 5hov/s that vhen the data 
conform to the distributional assumptions of the model, many desirable 
jnatiiCinatical properties result. It is only as a consequence of these 
resulting mathematical properties that the descriptive and inferential uses 
of analysis of covariance are viable. Unfortunately, it seems that little 
pertinent research by the mathematical statisticieins is available to indicate 
v/hat consequences are to be expected vhen tlie data do not conform to the 
distributional assumptions of the model. 

For the u.jal application of such models by researchers, the assumptions 
involving error free measurement of the de-pendent and concomitant variables 
and the necessity that the concomitant variable be a fixed variable are often 
ner,l^^cted. Previous research (Calkins and Jennings, 1972) has indicated tliat 
tile consequences of the violation of the assumption that the concomitant 
variable is fixed are probably of little practical importance to investip.ators 
concerned with estiraation of slopes and intercepts and T^Te I error resulting 
from contrasts of slopes and intercepts. In the research presented in thin 
paper, some of the consequences of the violation of the assumptions tl^irit the 
concomitant variable is quantified in an error free manner and that the con- 
comitant variable is fixed and quantified in an errorless manner have been 
invcsti(^ated . 



PROCEDURE 

This research was conducted in much the same manner usin^ essentially 
the sajne computer prograjns as the previous investi£:ation in this series 
(Calkins and Jenninrs , 1972). Since complete details of the procedure were 
presented in the previous investigation, this procedure section v/ill be 
abbreviated i and persons interested in more details may consult that parer. 

xlie set of models invest if:ated are thor>e discussed previously in this 
paper in which the true model contains one independent variable and one 
concomitant variable which is linearly related to the dependent variable. 
The investigation of the effects which occur in these models when the 
concomitant variable contains error, or contains error and is not a fixed 
variable, was restricted to possible disturbance of (l) the distributions 
of tile slopes and intercepts, and (2) the distributions of the statistic 
utilized for decisions concerning possible differences in tlie slopes and 
intercepts. Possible disturbance of the distributions of the slopes and 
intercepts were examined through the calculation of functions of the first 
four cumulative moments of tneir respective distributions, the mean, variance, 
skewnesG and kurtosis. Theoretically it is expected that tlie slopes and 
intercepts will be distributed normally with the following values: 
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rixpected mean for slopes = — ■* *^ 
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Expected variance for slopes = 



o 2 (n - 2) 

X 



P o 

XV V 

Expected mean for intercepts = y - — ' — ^ y 
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Expected variance for intercepts = — (1 - p 2) (o ^ + uj^) 



2(n-.l)2 0^2 
( approximate formula ) 
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wiiere n io tuu G.-unple size 

p is tiie correlation for the popuQation 

and are the marcinal population means for the x and y i)opulationn 
and 0^ are tiio marcirial population standard deviations for tiie x and 
y populations. 

Possible disturbance of tiie distributions of tiie F_ statistic utilized for 

decisions conccrninr; possible differences in the slopes and intercepts were 

examined tiiroucii comparison of txie mean of the observed sampling distributions 

v/itii tlie theoretical values and comparison of the number of observed values 

for tiie distributions of F^'s for slope and interce*ot whicii were equal to or 

greater than the specific values of the central distribution for the proper 

decrees of freedom at the .05 and .01 confidence levels. Since in this 

investigation all tlie samples were drawn from the sane population, the expected 

values of F. should be near df^/(df^ - 2) and F , should be near 

intercept 3 J slope 

df^/{df^ - 2) where df^ and df^ were previously defined in this paper. In 

addition, apr>roximately five per cent of the values observed for F. ^ . 

' ' ^ t intercept 

and F , should be eoual to or cheater than the specific values of the 
slope ^ 

central F_ di stri))Ution for the appropriate dcf^reas of freedom at the .05 level 
and approximately one per cent should be equal to or f^reater tiian the equivalent 
value at tiie .01 level. 

This empirical research, whici'i was performed with the indispensahl^ help 
of a dir,ital computer, is o^' tne Ilonte Carlo type. The computer system utilized 
wa:: a CDC 3150 located at Tiie University of Texas at Fl Paso. Tlie FOKTi^AH 
pro, -rams written for this series oi' i nv^'St i/^ati on:: functinn to (l) feru rate 
multiple pairs of values wiiicn simulate random samples of X,Y pairs from 
bivariato populations of values with various ciiaracteristics ; [2) combine 
tiiese pairs of values into samples of specified size; (3) calculate vario\is 
quantitative indices on the data for and between the samples which correspond 
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to tnc qnujilitative iridicoG rr»L;ultin[': from tiic doccriptive and inforonlin] u:;o 
of the linccir modcln prosentod previously; (h) tn.lmlato thene indices for a 
specified nuru)er of expcrinientij , each includint^ a specified n^oraber of sonnlL-s, 
in ordc2' to obtain u frequency distribution for each index; (5) calculate 
descriptive characteristics for each frequency distribution; and ((^) produce 
output showinc tiie frequency distributions and their descriptive characteristics. 
In this procedure » error in the covariable was introduced by generating a pair 
of X and Y values whicli had suitable characteristics for a certain condition 
of the experiment and then adding a component of error which was a random 
normal deviate from a population with zero mean and specified variance to 
each X value. 

The ciiaracteristicG of the bivariate populations which are specifiable 
with this set of pro(;;rams and which were varied in this investigation are 
(l) sanplinc procedure for the covariable (random or fixed); (2) distribution 
sliape of the covariable (normal or rectancular) ; (3) amount of error in the 
covariable? (in terms of the standard error of measurement ar. a function of 
percent of standard deviation of Y — 0%^ 33r» ^jTT , and 100^); {U) variance 
of the Y values in each X array (in terms of standard error of estimate as 
a function of correlations of *0, *30, .60, and *90); and (5) sample size 
(samples of 5> 13 and 39 X,Y pairs were used). Tlie characteristics of tlie 
bivoriutc populations which are specifiable but were not varied in this 
investigation are (l) means of the X and Y marf^inal distributions (maintained 
at or near 50); (2) number of groups obtained for each experiment (each 
experiment consisted of the data obtained for two groups witn each group 
containing eitlier 5> 13 or 39 X,Y pairs); and (3) number of experiments 
(lOOO experiments were conducted for each of the possible combinations of 
the characteristics of the bivariate populations). 
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It was intended that the standard deviations of the X ancl Y mar^jinal 
distributions be niaintaincd at or near 10», but procedural constraints 
interfered to soiae extent* Hov/ever, as an attempt to compensate for tni:i 
lack of control, two sets of tijeoretically expected values for the r»ean 
and variance of the distributions of slope and intercept are presented in 
the Results section; one set is based on the intended population values 
and the otiier set is based on observed values ♦ Comparison of these values 
should indicate to some degree tlie extent of this problem or the adequacy 
of the entire procedure. 

Since it is alv/a2/s desirable in any scientific enterprise to maintain 
constant as many variables as possible, in this series of investigations 
it ^.'ould be desirable to maintain constant the X variance for all experi- 
mental conditions, h'owever, these constant variances are difficult to 
achieve, especially for the fixed X condition (at least from the autlior's 
current cognitive set). This difficulty occur:^- because for the fixed X 
case it must be decided whether it is more importtJit to maintain a constant 
variance for the covariable or to use the same fixed X values for tlie various 
sarij^le sizes. In the first investicat ion in this series (Calkins and Jenninf:s , 
19Tr*), tlie same set of X values were used for all the fixed X cases for the 
tvo distribution shapes by varyin/;^ the frequency of occurrence of each X 
valuu , but in this procedure tiie variances of tiie X val\ies were allowed to 
vary. (Tiie peculiar choice of X,Y pairs per sample — 5, 13 and 39 — is a 
hyprofiuct of tiii:: proc-'jure = ) In tiic prer>cnt invei;ti/^aL i nn , a comj^i'orar. c 
betv/cen rrti ntaininc constant variance' and the sant> set oi* fixerl X values 
was effected, and as a consequence neither objective was fully attained. 
In tills i nvestin;ation fairly constant variance for the zero error condiLion 
was acnievr^d by allowing the set of fixed _X's to dirTcr for difTej^cnt ^wu'.ole 
sizes, but vhen tlie X values contained a component of error tne variance oi' 
the X values was to some extent uncontrolled ♦ Gome control over the variance 
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in tiiis procedure could be establislied by a linear transformation of the 
X values containinc error by subtracting a different constant for each 
quantity of error and each sample size , but such a transfonnation would 
destroy tiic concept of one set of fixed T^s for all experimental conditions. 
(The autiior would appreciate comments concerning this problem.) 

RESULTS 

The results are presented in Tables 2 through 25. Tables 2-5 present 
the results of the experiments involving the investigation of the distributions 
of slopes for the several experimental conditions for the concomitajit variable 
normally distributed with each table representinp: a particular value of error 
of estimate. Table 6-9 contain the same information as Tables 2-3 except that 
in these tables the concomitant variable is uniformly (rectangularly) distri- 
buted. Tables 10-13 present the results of experiments involving the investi- 
gation of the distributions of intercept for the several experimental condi- 
tions for the concomitant variable normally distributed with each table repre- 
senting a particular value of error of estimate. Tables lU-l? contain the 
same information as Tables 10-13 except that in these tables the concomitant 
variable is uniformly (rectangularly) distributed. Tables 18-21 present the 
results involving the critical statistics for comparison of slopes and inter- 
cepts for tiie several experimental conditions for the concomitant variable 
normally distributed with each table representing a particular value of error 
of estimate. Tables 22-25 contain the same information as Tables 18-21 
except that in these tables the concomitant variabje is uniformly (rectangularly 
distributed. Table 1 presents explication of the terms and abbreviations found 
in Tables 2-25 • 

Proper interpretation of these results can reveal the consequences of 
tliree aspects of the violation of assumptions concerning the concomitant 
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TABLF 1 

Explication of Terms and Abbreviations 
Found in Tables 2 throuch 25 

1. Expect T - expected values based on specified characteristics of the 

bivariate populations 

2, Expect 0 ~ expected values bar>ed on observed characteristics of the 
populations (example - the expected vplue for intercepts 
is calculable by subtractinr, the mean of the frequency 
distribution containing 2000 slopes multiplied by the 
moan of the frequency distribution containin/3 2000 X 
marr:inal means from the mean of the frequency distribu- 
tion containinp: 2000 Y mar^^inal means) 

standard error of measurement as a function of percent 
of standard deviation of Y values 

values of X (the concomitant variable) were obtained by 
random samnlinc from a normal distribution 

values of X (the concomitant variable) were preselected 
(fixed) such tiiat they have zero skewness and kurtosis 

values of X (tiie concomitant variable) were obtained by 
random samr>linG from a uniform (rectangular) distribution 

values of X (the concomitant variable) were preselected 
(fixed) such that the values have equal frequency (rec- 
tangularly distributed) 

mean value of the observed frequency distribution of 
values 

9. I-Error - number of Type I errors observed at the .05/ -01 level 
of sif^nif icance 
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variable: (l) tho concomitant variable is random rather than fixed; (p) tho 
concouiitant variable i^ fixed but contains error; and (3) tho concomitant 
variable i;; random imd contains c?rror. s'hr firnt of tru^^^e throe, v/liiclj i r> 
a partial replication of the Call'.inG and Jonnin{.^s (197?) study, can be 
examined by observinp: the results of the random and fixed sarplin^ procedure 
(RN, random normal, and ^'R, random rectangular, versun Fr:, fixed normal, and 
and t-'R, fixed rectangular) for the various experimental condition?; when the 
concomitant variable contains no error* The second ispect , tho concomitant 
variable is fixed but contains error, can be examined by obser-zinr the results 
of the fixed samrlinG procedure (FN, fixed normal, and FR , fixed rectanp.ular ) 
for the various experimental conditions v/hen the concomitant variable contains 
varying amounts of error. The third asnect, the concomitant variable is ran- 
dom and contains error, can be examined by observing the results of the random 
samplin/;^ procedure (PN, random normal, and RR, random rectangular) for the 
various exDerimcntal conditions when the concomitant variable contains varyinr 
air.ounts of error. 

Examination of Tables 2-25 reveals that considerable variation occurs 
for the observed values (CBGERVED) obtained in the experiments. For the 
variance, skewnoss, and hurtosis of the distributions of interce-pts and 
slopes, tne means of the (iistributions of the critical statistics, and the 
nujnber of Type I errors for intercepts and slores, the observed values seem 
to vary about the expected values (FaPFCT T and FXPECT 0) with no particularly 
important discernablo pattern which can be attributed to the factors varied 
in the experiments, with one exception. The exception is evident for tho 
distributions of intercept and si one for samrDes of si^e five where some of 
the values of skewness and kurtosis arc of sufficient maf;nitudo tliat it seoms 
unlikely that these values are distributed normally. Thus it anpenrs that 
neither (l) amount of error of estimate, (2) shape of tho distribution of tho 
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concomitant variable, (3) snjn]>iinf^ procedure for the concomitant variable, 
{h) sjuiiple size (with the exception noted above), or (5) amount of error 
in tile concomitant variable are related to any sizable di^'ruption of 

(1) the critical statistics for contrasts of slo-oes and intercepts, or 

(2) the variance or normality of the distributions of the values of inter- 
cep"*". and slope. 

However, examination of Tables 2-17 reveals considerable disparity 
between expected values for central tendency for the distributions of inter- 
cept and slope (EXPECT T - MEAIJ), which are based on knowledf^e of the 
specified population parameters, and the correspondinf^ observed central 
tendency values (OBGERVED - riEAIi). Since the magnitude of tliis disparity 
increases with increasinc amounts of error and seems unaffected by chance 
in the other factors which v^ere varied, it would seem reasonable to conclude 
tiiat the estimates of the central tendency values for distributions of 
intercept and slope are distur't)ed by error in the concomitant variable. 
Thi?^ conclusion, however, overlooks a crucial lack of control in the procedure - 
the lack of control over the variance of the concomitant variable after the 
introduction of the error component. When an expected central tendency value 
(EXPECT 0) v^hich was computed from the observed characteristics of the bivnriate 
and marp:inal distributions is compared to the observed central tendency values, 
the magnitude of the discrepancy is greatly reduced, and the observed values 
a£;ain appear to vary about the expected values with no particularly important 
discernable pattern which can be attributed to the factors varied in the 
experiments. Thus it appears that when the results are viewed in such a way 
that the lack of control of the variance of the concomitant variable is 
compensated for, neither (l) amount of error of estimate, (2) shape of the 
distribution of the concomitant variable, (3) samplinc procedure for the 
concomitant variable, {h) sample size, or probably (5) amount of error in 
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the conconitax\t variable is related to any systematic disruption of the 
er.timato:^ of the intercept and slope values. 

ccncLUGions 

In the mathematical treatment of linear models, certain of the indepen- 
dent variahlcs are aG^umod to be fixed variables (Graybill, I961). \D\en this 
aGSiitn-Dtion is made, it can be shown that the computed estimates of the para- 
meters occurring in the models have the desirable characteristics that they 
are "r;ood" estimates and are normally distributed. 

It is often convenient to overlook this assumption when linear models 
are utilized in a research situation, since the nature of a variable often 
does not allov the researcher to select cases with particular values of a 
variable without discarding large amounts of data. This empirical study 
was undertaken as an attempt to discover the effects produced for the com- 
puted statistics and for the decisions made on the basis of a critical 
ratio concerning differences in these statistics for a particular family of 
linear models w;v"^r. certain indenendent variables are not fixed variables. 

Tile ar.ivarnrtion 1*: certain independent variables have fixed values 
can be violated in 0:'; r Vot:, of two ways: (l) the researcher can fail to 
preselect valuers cf tr." / f-r i a: ler^ which will be found in the data and utilized 
to estimate tne rt ^it 1 : c . , ^v/l. or {?) measurement error can be introduced 
throuf^h tne rrocee:; . r'' : • ->'rv ; :.r tne values of the independent variab]es. 
Calkins and Jcnrinri^ 1 "'1, r- : rted t::nt w'nen Cf^rtain independent variables 
are not fixed but nr e o : < ^ ' '/ ■ - 1 w : t . • u t error, t } i e consequences of the viola- 
tion of tne asGurr.ption r-re I i le , 'l.ee present study focused on the 
effects produced when tliC concr.ru t'ln- vuriaLie is eit^^er fixed or random 
but measured with error. 

The particular fami]y of line'^ir r.r.:-.\ 3 i rve^t i.^yitcd are a set presented 
by Ward and Jenninr;s (1073, np. llP-1^'"^), v.f arrly thrm to problems r.cnera]ly 
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approachc(i by the uro of the technique of analysis of covariance. The 
OGtimable terms in these models represent the estimates of the parairieters 
of intercepts and slopes of f.roup re^rpssion lines. 

Three cases of the violation of the assumption that the concomitant 
variable is a fixed variable were investif^ated in this study. These three 
casers were (l) the concomitant variable is fixed but contains error, 
(2) the concomitant variable is random (partial replication of Calkins and 
Jennings, 1972), and (3) the concomitant variable is random and contains 
error. Three types of consequences of these three departures from the 
assumptions were investigated: (l) the estimates of the slope and intercept 
parameters are not *'p:ood," (2) the distributions of the values of these 
estimates are non-normal, and (3) the number of erroneous decisions concerninrc 
differences in the estimates are greater tlian expected. 

In general the results of this study indicate that little discrepancy 
was evident between the observed and expected number of Type I errors resulting 
from any of the three cases of violation of the assumption. In addition, for 
none of tiie three cases did the distributions of the values of intercer>t and 
slope appear to be distributed other than normally excent for samples of size 
five. Although there were differences of considerable magnitude between some 
of the expected and observed estimates of the intercept and slope pnrjunoters 
wiiich appeared to be associated with amount of error in the concomitant 
variable, these differences were probably due to lack of control over the 
variance of the concomitant variable, since v;hen the expected values were 
calculated utilizing the actual variance of the concomitant variable the 
magnitude of these differences was considerably reduced. Thus it appears 
likely that for none of these three cases of violation of the assumption 
are the estimates of the pODulation values of intercer>t and slope seriously 
affected . 

ERIC 



Probably only tiie tentative conclusion that the violation of the. ar>r,ujnp- 
tion tiiat the concomitant variable be fixed and contain no error presents 
little or no problem for researchers should be drawn from this investiration . 
Before firmer conclusions are Justified, the investication should be repeated 
with better control of the variance of the concomitant variable when it 
contains error. 
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